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Abstract: The purpose of GPS structural vibr ation monitoring is to obtain information on the frequency and ampl-i
tude of v ibrations based on GPS obser vations that are often affected by various errors. Filters ar e frequently used to
improve GPS accuracy and to retrieve vibrat ion signals from GPS observational ser ies. This paper studies the perfor-
mances of four commonly used filters, i. e. , Vondrak, w avelet, adaptive FIR and Kalman filters, for such applica-
tions. Controlled experiments are car ried out and the results show that the capability of GPS in tracking structur al
dynamics and complex signals can be improved w ith any of the filters. The performances of Vondrak and w avelet fi-l
ters are almost the same and super ior to the adaptiv e FIR and Kalman filters. Recommendations are g iven fo r the se-
lection of filters and filter parameters for different situations based on an analysis of the advantages and disadvantag es
of each of the filters.
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?  ?:使用 GPS 监测结构振动的目的在于提取振动信号特征, 但 GPS 观测量受多种误差源的影响, 因此, 选
用合理的数据处理方法有效地分离各误差项, 对于提高GPS 的监测精度具有重要意义?将 Vondrak 滤波?小波
滤波?自适应 F IR 滤波和卡尔曼滤波等四种方法应用于资料序列中振动信号的分离, 通过对模拟振动实验观测
资料的分析表明:运用滤波法可提高 GPS 测量微小动态变形和变频振动信号的检测能力; 4 种滤波法均能有效
地提高 GPS 监测结构振动的精度, 其中, V ondrak 滤波和小波滤波的性能相当,且优于自适应 FIR和卡尔曼滤
波?同时,在对各滤波法参数选择的优缺点进行分析的基础上,提出不同情况下选择滤波器的建议?
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Fig . 1  FFT spectrum of multipath error series
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F ig. 2 Results of filtered double-difference ( DD) phase vibr ation ser ies ( Experiment 1: ( a) DD vibration series befor e filtering;
( a1) ~ ( a4) are t he Vondrak, wavelet, adaptiv e FIR and Kalman filtered DD vibration series, respectively ; ( b1) ~ ( b4)
are their residuals)
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Fig. 3 Comparisons of coordinate ser ies before and after filtering and true vibration values ( Experiment 1:
( a) and( b) are the true vibrations of X and Y directions; ( a1) , ( b1) and ( c1) ar e respectively the
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